Replicated two-stage in vitro studies were conducted to determine the effects of single amino acid or branched-chain volatile fatty acid buffer additions on in vitro dry matter disappearance, neutral detergent fiber disappearance, and fermentation kinetics of dormant range grasses. Urea increased (P<O.OS) in vitro dry matter disappearance and in vitro neutral detergent fiber disappearance of the cool season grasses over N free buffer. Methionine addition increased (PcO.05) in vitro neutral detergent fiber disappearance and rate of fermentation of both cool season grasses and in vitro dry matter disappearance of Japanese brome over urea alone. Sodium sulfate increased (PcO.05) ln vitro neutral detergent fiber disappearance of Japanese brome compared to urea alone. None of the branched-chain volatile fatty acids tested increased dry matter disappearance, neutral detergent fiber disappearance, or rate of fermentation of the dormant range grasses. Addition of urea or amino acids did not increase in vitro dry matter disappearance or in vitro neutral detergent fiber disappearance of the shortgrass mixture. In vitro screening of amino acid and branchedchain volatile fatty acid buffer additions to dormant range grasses showed that methionine supplementation with urea offers the greatest potential, among the supplements evaluated, for improving digestibility and rate of fermentation of cool season grasses. None of the buffer supplements improved fermentation of the warm season grasses.
(Bunchloe dactyloids
[Nutt.] Engelm.), and blue grama (Bouteloua gracilis [H.B.K.] Lag. ex Steud.), hand clipped from standing forage in mid-hlarch. Isonitrogenous treatments included buffer containing urea with or without amino acids, branched-chain volatile fatty acids, sodium sulfate, or starch. Urea increased (P<O.OS) in vitro dry matter disappearance and in vitro neutral detergent fiber disappearance of the cool season grasses over N free buffer. Methionine addition increased (PcO.05) in vitro neutral detergent fiber disappearance and rate of fermentation of both cool season grasses and in vitro dry matter disappearance of Japanese brome over urea alone. Sodium sulfate increased (PcO.05) ln vitro neutral detergent fiber disappearance of Japanese brome compared to urea alone. None of the branched-chain volatile fatty acids tested increased dry matter disappearance, neutral detergent fiber disappearance, or rate of fermentation of the dormant range grasses. Addition of urea or amino acids did not increase in vitro dry matter disappearance or in vitro neutral detergent fiber disappearance of the shortgrass mixture. In vitro screening of amino acid and branchedchain volatile fatty acid buffer additions to dormant range grasses showed that methionine supplementation with urea offers the greatest potential, among the supplements evaluated, for improving digestibility and rate of fermentation of cool season grasses. None of the buffer supplements improved fermentation of the warm season grasses. Rush and Totusek 1976; Clanton 1978) . Identification of constituents contained in natural protein supplements that benefit ruminal fermentation and ultimately enhance animal performance could lead to more effective nitrogen supplementation. Inclusion of amino acids (Maeng et al. 1976; Clark and Peterson 19X5) , branched-chain volatile fatty acids (Soot? et al. 1982; Mir et al. 19X6) , or minerals (Spears et al. 1976; Slyter et al. 198X) with urea have been shown to increase substrate digestibility and (or) rate of fermentation in vitro. The response to a given addition was not consistent for all fiber sources in those studies. The objective of this study was to screen amino acids and branchedchain volatile fatty acids as potential urea-grain supplement additions which would serve to increase forage utilization by cattle consuming dormant range grasses.
Materials and Methods
Three trials (replicated twice) utilizing two-stage in vitro fermentations (Tilleys and Terry 1963, as approximately 1 to 3 cm above ground level. oven dried at 60" C, ground through a Wiley mill (1 mm screen), and stored until used in the in vitro fermentations. Inoculum was obtained from ruminally fistulated cows provided ad libitum access to a mature prairie hay composed of 63% western wheatgrass, 35% Japanese brome, and 2% unidentified forage (sd = 10, 11, and 3% respectively) as determined by sorting 15 random subsamples. Analytical composition of the grass samples used as substrate and the prairie hay fed to fistulated cows are listed in Table 1 .
Each of the 3 trials (western wheatgrass, Japanese brome, and shortgrasses) consisted of 2 individual 4X hour incubations (run). Nested within trial were isonitrogenous (50 mg supplemental N/deciliter buffer) treatments (Table 2) consisting of the following buffer additions: 1) urea, 2) to 6) urea and amino acid (argi- nine, histidine, isoleucine, leucine, or methionine), 7) to 9) urea and branched-chain volatile fatty acid (isobutyric, isovaleric, or Zmethyl butyric), 10) urea and sodium sulfate (isosulfer to methionine, 28.56 mg sulfur/deciliter buffer), and 11) urea and corn starch (starch equal weight to methionine). Selection of amino acids and branched-chain volatile fatty acids was based on results from previous trials (Maeng et al. 1976; Clark and Peterson 1985) which indicated that these buffer additions may limit in vitro fermentation. Amino acid and branched-chain volatile fatty acid additions were isomolar (.SS mmol/deciliter buffer), amino acids provided approximately 25% of supplemental N/tube. Arginine and histidine could not be simultaneously isomolar and isonitrogenous, and therefore N levels for these treatments were higher. Triplicate samples of western wheatgrass, Japanese brome, and shortgrasses (both with and without urea included in the buffer) and blank tubes containing ruminal fluid and N free buffer accompanied all 6 runs for the 3 trials. Ruminal fluid was collected at approximately 1000 each day, transported to the laboratory in a thermos at 39" C, and strained through 6 layers of cheese cloth. For each treatment, triplicate samples (Sg) of grass were placed in 50-ml polypropylene centrifuge tubes. Following addition of the buffer with supplements (25 ml/tube) and rumen fluid (5 ml/ tube), tubes were flushed with CO, capped with a rubber stopper, and incubated at 39" C. Polyethylene tubing passed through the stoppers allowed gas produced during fermentation to be vented from the in vitro tube into a 125-ml Erlenmeyer flask where water was displaced by gas pressure through a second tube 0 10
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Fig. 1. Cumulative water displacement during 48 hour in vitro fermenttion of WIVG with grass alone (no additions), urea alone, and urea plus NazS04, isobutyrate, starch, or methionine addition to the buffer solution.
into a lo-ml graduated cylinder. Cumulative water displacement was recorded at 2 to 4 hour intervals over the 4X hour first stage fermentation period. Neutral detergent fiber analysis (Goering and Van Soest 1970) was conducted on grass samples and residues from the pepsin digestion to determine fiber disappearances. Two separate analyses were conducted for this study. For the first analysis, effects of urea buffer addition on dry matter and neutral detergent fiber disappearances of the range grasses were analyzed as a two-way classification by least squares procedure using General Linear Models (GLM) of the Statistical Analysis System (SAS 1985) . Supplement (Buffer alone or buffer with urea), range grasses, and their interaction were included in the model. Separation of the 6 subclass least squares means was accomplished by least significant difference. Gas production curves for incubations without added urea were linear and not included in analyses for determination of rate kinetics. Cumulative gas production curves for incubations with added urea were sigmoidal (Fig. 1) . Nonlinear iterative least squares regression procedures (SAS 1981) were used to generate estimated rate kinetics (lag time, hour; rate of gas production, ml of Hz0 displaced/hour; and time of maximum gas production, hour; Fig.  2 ) as explained by Dybing et al. (1988) . In a second set of analy- Table 2 . Buffer supplements for in vitro fermentation of dormant range grasses. (PcO.05) at ( aValues within item lacking a common superscript letter differ (P&05).
ses, effects of buffer additions on dry matter and neutral detergent fiber disappearances and rate kinetics were analyzed separately for each range grass type by least squares procedures using GLM of SAS with supplement and run as independent variables. Treatment effects were tested using supplement x run as the errOr term. When a significant F value was indicated, supplement mean separation was accomplished by the Waller-Duncan test (SAS 1985) .
Results and Discussion
Interactions occurred (PcO.05) between the effect of urea addition to the buffer and grass species for in vitro dry matter disappearance and in vitro neutral detergent fiber disappearance. The shortgrasses had higher (PcO.05) in vitro dry matter disappearance and in vitro neutral detergent fiber disappearance than westem wheatgrass when no urea was added to the buffer (Table 3) . Urea addition increased (PcO.05) in vitro dry matter disappearance of western wheatgrass and Japanese brome 10.2 and 17.4 percentage units over their respective counterparts with N free buffer. Values for in vitro neutral detergent fiber disappearance reflected those increases in in vitro dry matter disappearance when urea was added. Japanese brome had higher (PcO.05) in vitro dry matter disappearance and in vitro neutral detergent fiber disappearance than either western wheatgrass or shortgrasses when urea was added. Urea buffer addition did not improve shortgrass in vitro dry matter disappearance or in vitro neutral detergent fiber disappearance over buffer alone.
Composition differences between the cool and warm season grasses may explain the differing effects of urea addition on grass digestibility. The shortgrasses had higher crude protein content and lower fiber levels than either of the cool season grasses. Stem et al. (1978) suggested that carbohydrate availability was a major factor affecting NH3-N utilization by rumen microbes. Assuming that a portion of the neutral detergent fiber content is available for cellulolytic digestion, then the ratio of crude protein to available carbohydrate would be higher and NH, would be less limiting for shortgrasses than for the warm season grasses. Lignin and ash content were higher in shortgrasses. The ash content, primarily silica, and lignin may have an additive effect in blocking further cell was digestion (Van Soest and Jones 1968) and limiting extent of final digestion (Mertens 1977) of the warm season grasses.
Cumulative gas production curves for incubations containing added urea were similar to typical cumulative cell wall digestion JOURNAL OF RANGE MANAGEMENT 48(l), January 1995 curves reported by Mertens (1977) . Gas production was linear for incubations containing grass samples without urea addition and resulted in lower 4%hour total gas production. Gas production of nearly 0 was recorded for incubations containing buffers and rumen fluid without forage. In general, fermentation lag times were shorter than dry matter and neutral detergent fiber disappearance lag times determined by Clark and Petersen (1985) . The mathematical model used to determine lag periods may influence calculated lag phases (Nocek and English 1986) . Nonlinear iterative least squares regression tends to underestimate lag phase compared to logarithmic transformations when degradation of a single fraction (e.g., neutral detergent fiber) of the substrate is concerned (Mertens and Loften 1980; Nocek and English 1986) . In vitro cumulative gas production incorporates disappearance of both soluble fractions and the less degradable components of the substrate and may result in shorter predicted lag phases. In vitro dry matter disappearance of western wheatgrass was not increased by buffer additions over urea alone and was decreased (RO.05) by arginine (Table 4 ). Methionine addition increased (RO.05) in vitro detergent fiber disappearance of westem wheatgrass over urea alone. Lag time and time to maximum fermentation for western wheatgrass were not changed over urea alone with the addition of amino acids, branched-chain volatile fatty acids, or Na$O,. Starch addition did reduce lag time and time to maximum fermentation. Fermentation rate of western wheatgrass was increased (PcO.05) by methionine or starch and was decreased (P-cO.05) by arginine compared to urea alone.
Since starch addition did not affect in vitro dry matter disappearance or in vitro neutral detergent fiber disappearance, changes in rate and time of maximum fermentation are probably due only to starch fermentation.
Methionine increased (PcO.05) in vitro dry matter disappearance, and Na$O, or methionine increase (RO.05) in vitro neutral detergent fiber disappearance of Japanese brome over urea alone (Table 5 ). Histidine or leucine decreased (PcO.05) in vitro dry matter disappearance and leucine decreased (RO.05) in vitro neutral detergent fiber disappearance of Japanese brome over urea addition. Fermentation lag time for Japanese brome was decreased (PcO.05) by histidine, isoleucine, or starch. Time to maximum fermentation rate was decreased (PcO.05) by histidine, isoleucine, methionine, 2-methylbutyric acid, or starch compared to urea. Isoleucine, methionine, or starch increased fermentation rate of Japanese brome over urea.
Amino acid, branched-chain volatile fatty acid, Na$04, or starch additions did not affect in vitro dry matter disappearance or in vitro neutral detergent fiber disappearance of shortgrasses over urea (Table 6 ). methionine increased (RO.05) shortgrass lag time. Arginine, leucine, or methionine increased (PcO.05) and starch decreased (PcO.05) time to maximum fermentation rate of shortgrasses. Fermentation rate of shortgrasses was increased (PcO.05) by histidine and starch over urea alone.
Fermentation rates and neutral detergent fiber disappearance of cool season grasses were increased with the addition methionine, These results were not observed with shortgrasses. As suggested previously, there appears to be very distinct digestible fiber and indigestible fiber/lignin/ash fractions in the shortgrasses. The higher lignin and silica content of shortgrasses has been associated with slower in vitro fermentation rates and extent of fiber digestibility (Smith et al. 1971; Van Soest and Jones 1968) . The smaller digestible fiber fraction in combination with the relatively higher crude protein content of shortgrasses may have been the reason that no responses to urea, amino acid, or branched-chain volatile fatty acid buffer additions were observed with the warm season grasses. Clark and Petersen (1985) found that in vitro dry matter and neutral detergent fiber fermentation rates of dormant range forage were increased by methionine but saw no improvement in 4S-hour forage disappearance. Methionine supplementation of cattle consuming mature cool season grasses has been shown to increase neutral detergent fiber and dry matter disappearance rates (Lodman et al. 1990; Wiley et al. 1991) .
The addition of NazSOj with urea did not elicit the fermentation responses which were observed with methionine in this study. Clark and Petersen (1988) reported an increase in dry matter fermentation rate for heifers fed methionine compared to ammonium sulfate but found no differences in dry matter ruminal digestibility. The degree to which methionine is used as an intact amino acid versus being degraded and used as a sulfur source by cellulolytic microbes in the rumen remains unclear. Numerous researchers (Hunt et al. 1954; Gil et al. 1973 Spears et al. 1976 have demonstrated that methionine when used as a sulfur source increases cellulose digestion. Maeng et al. (1976) suggested that sulfur amino acids were utilized intact and improved in vitro microbial cell yields with cellobiose as the substrate. Gawthome and Nader (1976) determined that only 50% of the sulfur amino acid content of microbial protein was derived from the sulfite pool with the remainder from direct amino acid incorporation into the microbes. Salter et al. (1979) found that microbial incorpora- tion of methionine decreased when urea was the primary N source compared to a natural protein N source. While methionine is degraded more slowly than other amino acids in vivo, free amino acids esist in rumen fluid only in low concentrations (Scheifinger et al. 1976 ). In addition, during normal microbial turnover of a mixed rumen population, microbes that synthesize methionine from sulfite may provide methionine to microbes that utilize or degrade methionine. Scheifinger et al. (1976) determined that the group of cellulolytic bacteria Bufyrivibrio cause a net degradation of methionine.
In vitro sulfur addition in combination with urea has long been known to increases microbial NH, fixation (Hunt et al. 1954 ) and enhance cellulose digestion (Barton et al. 1971) . Sulfate is reduced to sulfite in rumen fluid and incorporated into microbial protein as sulfur containing amino acids (Mathers and Miller 1980) . While Na2SOa did increase in vitro neutral detergent fiber disappearance of Japanese brome in this study, improvements in estent or rate of forage digestibility for sulfur additions over urea alone were not observed. In this trial, sulfur was provided at 2S.56 mgldeciliter buffer in order to be isosulfur to the methionine treatment. Kahlon et al. (1975) determined that 4.33 mg S/deciliter inoculum were near optimum for microbial protein synthesis, while levels above 10.0 mg SI deciliter were inhibitory using a starch substrate. Although Fron et al. (1990) suggested that Na,SO, had equal sulfur biological value as DL-methionine in cattle, Johnson et al. (1970) suggested that Na2S04 was a more volatile sulfur source in the mmen than either methionine or elemental sulfur and would be less available for slowly degraded mature forages.
Branched-chain volatile fatty acids did not affect dry matter or fiber disappearance or improve fermentation kinetics of the dormant range grasses used in this study. Mir et al. (1986) found that these 3 branched-chain volatile fatty acids, when added alone or in combination, increased in vitro dry matter disappearance of barley straw. In agreement with out results, these same branched-chain volatile fatty acids had no effect on rate or extent of in vitro dry matter disappearance or in vitro neutral detergent fiber disappearance of dormant range forages collected via esophageal fistula in a study reported by Clark and Petersen (1985) . Similarly, McCollum et al. (1987) determined that 4-and 5-carbon volatile fatty acids were not limiting in vivo cellulolytic activity in the rumen of cattle fed mature low protein prairie hay.
In vitro screening of amino acid and branched-chain volatile fatty acid buffer supplements with dormant range grasses showed that methionine offered the greatest potenial for improving digestibility and rate of fermentation of mature cool season grasses. Response of supplements appears to be forage specific. From this study, it can not be determined whether these improvements were due to intact methionine or highly available sulfur from methionine. Neither urea nor any of the amendments tested improved fermentation of the warm season grasses.
Conclusions
These in vitro results indicate a relative ranking of individual amino acid or branched-chain volatile fatty acid additions with regard to their potential for improving utilization of urea supplements for ruminants consuming mature low protein forages. While responses observed with in vitro ruminal fermentations may not always occur in vivo, screening a number of treatments for their effect on a given ruminal response is useful in deriving in vivo treatments. In this study, methionine would appear to offer some benefit for improving utilization of urea based supplements to dormant cool season forage.
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